The aim of this study is to compare two different gingival depigmentation techniques using an erbium:yttriumaluminum-garnet (Er:YAG) laser and rotary instruments. Methods: Two patients with melanin pigmentation of gingiva were treated with different gingival depigmentation techniques. Ablation of the gingiva by Er:YAG laser was performed on the right side, and abrasion with a rotary round bur on the opposite side. Results: The patients were satisfied with the esthetically significant improvement with each method. However, some pigment still remained on the marginal gingival and papilla. The visual analog scale did not yield much difference between the two methods, with slightly more pain on the Er:YAG laser treated site.
INTRODUCTION
Oral pigmentation is a discoloration of the oral mucosa or gingiva associated with several exogenous and endogenous factors. Oral pigmented lesions can have various etiologies, including drugs, heavy metals, genetics, endocrine disturbance, and inflammation [1] [2] [3] . Also, smoking may stimulate melanin production and cause melanin pigmentation [3] [4] [5] . The intensity of the pigmentation is related to the duration of smoking and number of cigarettes consumed [6] . This type of oral pigmentation is mostly located in the anterior labial gingiva, affecting females more than males [1, 5] .
Melanin pigmentation is caused by melanin granules in gingival tissue, which are produced in melanosomes of melanocytes. Melanocytes are primarily located in the basal and suprabasal cell layers of the epithelium [1] [2] [3] 7] . The color of the oral melanin pigmentation may vary from light to dark brown or black, depending on the amount and distribution of melanin in the tissue [2] . In addition, the oral pigmentation is due to the activity of melanocytes rather than the number of melanocytes in the tissue [8] . Although physiologic melanin pigmentation is not a medical problem, patients may complain that their black gums are unesthetic. Numerous procedures have been developed for depigmentation of the gingiva, such as epithelial abrasion [9] , free gingival graft [10] , gingivectomy [8] , cryosurgery [11] [12] [13] , acellular dermal matrix allograft [14] , and laser surgery [15] [16] [17] [18] [19] .
Recently, many techniques using various lasers have been introduced and many studies have reported the use of the laser for depigmentaion. Laser ablation for gingival depigmentation has been recognized as one of the most effective, comfortable, and reliable techniques [17] . The erbium:yttriumaluminum-garnet (Er:YAG) laser, which has been used widely in dentistry, also can be applied to depigmentation and many cases have been presented about its effectiveness. The Er:YAG laser has been studied and applied effectively to periodontal soft tissue management without causing major thermal damage. The Er:YAG laser has a wavelength of 2,940 nm, and the rate of absorption of this laser's energy by water is high. Because of the high energy absorption by water, Er:YAG laser irradiation results in minimal heating of the tissue and surroundings [20] [21] [22] . This minimal damage prevents scarring and enables favorable wound healing [23] .
This case report compares two different depigmentation techniques for removing melanin pigmentation of gingiva: The Er:YAG laser was used on the right side, while on the other side the epithelium was removed with a rotary round bur. Moreover, the post-operative results were evaluated clinically on a weekly basis. Through this case report, the effectiveness of the Er:YAG laser in depigmentation of hyperpigmented oral lesions can be evaluated. This study was approved by the Institutional Review Board of Kyung Hee University Dental Hospital (IRB number: KHD IRB 003-3).
CASE DESCRIPTION

Case 1
A 27-year-old male who had a chief complaint of unesthetic melanin pigmentation in the anterior part of the maxillary and mandibular gingiva visited the Department of Periodontology, School of Dentistry, Kyung Hee University. There was no remarkable medical history, but he had been smoking a pack of cigarettes per day on average for the last 10 years. Diffused melanin hyperpigmentation was found on the labial surface of both the maxillary and mandibular arches (Fig. 1) .
For the comparison of the two techniques, melanin pigmentation was removed bilaterally: on the right side Er:YAG laser therapy was used, while on the other side the epithelium was mechanically removed with a rotary round bur.
Ablation by Er:YAG laser
The patient was treated with local anesthesia (lidocaine 2% with 1:80,000 epinephrine). The Er:YAG laser (KaVo KEY Laser, KaVo Dental GmbH, Biberach, Germany) was set at 250 mJ, 15 Hz and non-contact method. The handpiece tip was kept 10 mm away from the tissue in defocusing mode. The laser beam was activated using the 'brush technique,' as described by Tal et al. [17] , with continuous movement of the beam overlapping the laser spots by approximately 20 to 30%. The laser was cautiously used to avoid injury to the tooth surface or adjacent tissues during the ablation. The papillary edges and free gingival margins were left untreated to decrease the risk of gingival recession.
Abrasion by rotary round bur
A high speed handpiece and round carbide bur were used for abrasion on the other side. Abrasion under water spray over an epithelial layer was performed until whitish connective tissue was exposed. A # 2 round bur was used to draw the outline of the pigmented lesion and # 6 round bur was used for abrasion. All the melanin remnants of the epithelium were completely removed to prevent the possibility of recurrence (Fig. 2) .
Upper jaw surgery was conducted 2 weeks prior to mandibular surgery. After surgery, the denuded connective tissue was covered with a periodontal pack. The procedure time was recorded on each quadrant and the visual analog scale (VAS) was also recorded to evaluate the subjective pain level. The VAS consisted of a horizontal line 100 mm long, anchored at the left end by the descriptor 'no pain' and at the other end by 'unbearable pain'. The patient was asked to mark the severity of the pain by him/herself. The distance between the left end to the point checked was recorded in millimeters and used as the VAS score. In addition, clinical parameters, such as wound healing, gingival color, pain, discomfort and tissue deformity, were recorded at 24 hours and 1, 2, 3 and 4 weeks after the procedure. The time spent on ablation of the gingiva by the Er:YAG laser was about 20 to 30 minutes on each quadrant, while that on abrasion with the rotary instruments was about 10 to 15 minutes.
One day after surgery, the patient reported slight pain on both sides with distinct irritation on the right side. Post-operative bleeding was not observed, and the connective tissue was still exposed with whitish sloughing (Fig. 3) . After 1 week, neither side showed full epithelization, with slightly more advanced recovery on the left side, which had been treated with the rotary instruments (Fig. 4) . After 2 weeks, re-epithelization was almost complete but had epithelium had not recovered its thickness yet (Fig. 5) . After 4 weeks, the gingiva showed a normal appearance with pink color and keratinization (Fig. 6) .
The patient was satisfied with the significant improvement in color. Tissue deformities, e.g., gingival recession and loss of papilla, were not observed after 4 weeks because the papillary edges and free gingival margins were left untreated. However, some pigments remained on the marginal gingiva and papillary area (Fig. 7) .
Case 2
A 32-year-old female who requested cosmetic therapy for "black gum" in the anterior part of the mandibular gingiva visited the Department of Periodontology, School of Dentistry, Kyung Hee University. There were no contributory medical problems. Melanin hyperpigmentation was found on the labial surface of the mandibular arches and maxillary lateral incisor. Compared with case 1, pigmentation showed more focal pigmented lesions (Fig. 8) .
The same depigmentation techniques were applied: the Er:YAG laser on the right side and mechanical depigmentation of rotary round bur on the left side. Since the patient had focal pigmentation, depigmentation was conducted on both the maxilla and mandible area simultaneously. Due to the patient's thin gingival biotype and careless laser application, case 2 showed exposure of underlying bone around the incisal area on the right side of the mandible (Fig. 9) .
At 1 week, the gingiva showed gradual epithelization, but was in an immature state. The laser surgery area showed redness and unfavorable healing with an appearance of necrosis. On the other hand, on the left side where the high speed rotary was applied, almost complete re-epithelization was observed (Fig. 10) . After 2 weeks, epithelization was completed except in the right mandibular area (Fig. 11) . A linear cleft was observed in the right mandibular area until 3 weeks. The wound healing was almost completed, but slight redness still remained at 4 weeks after surgery. However, the patient was satisfied with the significant improvement in color. Gingival recession and loss of papilla were not observed at 4 weeks after surgery (Fig. 12) .
DISCUSSION
Gingival melanin pigmentation causes esthetic concerns, and cosmetic therapy is becoming important for patients suffering from this problem. Recently, various laser techniques were introduced, and the Er:YAG laser has proven its effectiveness in depigmentation by ablation of pigmented gingiva [17] [18] [19] . Case 1 and 2 elicited the difference between ablation by the Er:YAG laser and mechanical depigmentation by a rotary high speed handpiece.
Laser devices are of use in various fields of dentistry. Among them, the Er:YAG laser is applied in treatment of both hard and soft tissue. Because of the Er:YAG laser's high absorption by water, less tissue degeneration with very thin surface interaction occurs after Er:YAG laser irradiation than after irradiation with other types of lasers. Because of this characteristic, use of an Er:YAG laser can minimize the damage to deep tissue and prevent scarring from the laser application. It is also favorable for wound healing and has a bacteriocidal effect [24] and provides photobiostimulation (low-level laser therapy) [25, 26] .
Not much difference was observed in patients' subjective pain as measured by the VAS. The mandibular part showed relatively more pain than the maxilla, and the Er:YAG lasertreated site showed more pain than the mechanically depigmented area (Table 1) . In wound healing, the mechanically depigmented area showed faster epithelization than the Er:YAG laser-treated site. These results can be explained by several factors. Even though the Er:YAG laser inflicts little heat damage on adjacent tissue, the damage that does occur cannot be neglected. Also the treatment time of ablation with Er:YAG laser using 'brush technique' was twice as long as abrasion with the rotary round bur. Technical difficulty should be taken into account in using the Er:YAG laser for de-epithelization. Most of the melanin and melanocytes are located in the basal and suprabasal cell layer of the epithelium. Generally, the range of ablation is limited to within the epithelium. The wavelength of the Er:YAG laser corresponds to the absorption coefficient of water, causing water to evaporate into steam in the tissue, resulting in microexplosions. Due to these microexplosions, an exact and uniform depth control is required. During the Er:YAG laser application, remnants of vaporized tissue should be removed with sterile gauze for proper visualization. This cleaning procedure facilitates careful and complete removal of the pigmented tissue. On the other hand, mechanical abrasion with a rotary round bur enabled clear observation and a distinctive endpoint of epithelial elimination because there was no carbonization or protein coagulum formation caused by laser usage.
Bone exposure on the mandibular area caused by the Er:YAG laser can be explained by microexplosions of laser. The patient in case 2 had a severe thin biotype and mild pigmented lesion compared with the patient in case 1. Due to the thin thickness of the epithelial layer, uniform and stable epithelial elimination using microexplosions was difficult to achieve. This caused bone exposure on the mandible and, combined with heat damage of adjacent tissue, resulted in poor wound healing.
The severe hyperpigmentation of case 1 showed a definite color difference after elimination of the melanin in the basal layer. However, the mild pigmentation of case 2 was difficult to distinguish from protein coagulum during laser therapy.
In summary, depigmentation using an Er:YAG laser can be technique-sensitive, especially for patients with a thin biotype.
Even though patients were satisfied with the esthetic results, some pigmentation still remained on the marginal gingiva and papilla because the epithelium of the papillary edges and free gingival margins were not removed perfectly. Effective spot size for Er:YAG laser therapy is about 1 mm and this figure is not fine enough for minute treatment of the gingival margin, including the papilla. A diamond bur with a sharpending or hyperfine round bur is suggested for complete removal of pigmented lesions.
A limitation of this case report is that more time should have been spent for longer observation in case of a relapse. Recurrence of pigmentation has been reported in many studies using various techniques [8] [9] [10] 15, 27] ; thus clinicians should be aware of the possibility of repigmentation. Con-tinuous observation with a longer period can confirm the possibility of repigmentation.
Both cases showed almost complete depigmentation and similar esthetic results. Ablation and abrasion techniques were good enough to achieve esthetic satisfaction and fair wound healing without infection or pain. Prudent care about the gingival condition, such as gingival thickness and degree of pigmentation along with appropriate assessment is needed in ablation by the Er:YAG laser procedure.
In this case report, Er:YAG laser ablation and mechanical removal were compared and both depigmentation methods showed satisfactory results with regard to esthetics, safety, and effectiveness. A periodic check and assessment should be conducted to confirm the recurrence of melanin pigmentation.
